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TITLE 0F_ THE, INVENTION 
SEALED STOHAGE ^z^TTERY AKD METHOD FOR MAKING ITS ELECTRODE 
BACKGROUND OF THE INVENT ION 
This invention relates to a sealed storage battery 

5 and a method for making its electrode, and more 

particularly, the present invention relates to an alkaline 
storage battery. 

Nowadays, a lead-acid storage battery and a 
nickel-cadaiiuir* storage battery are predominantly used as a 

0 sealed secondary battery. Although th« lead-acid etorege 
battery is of low cost, this battery ig inaufficient from 
the point of the view of weight density or cycling 
life-time in the case of being used as electric power 
supply of a portable apparatus which is used for a long 

5 time* On the other hand, although the nickel-cadmium 

storage battery is of comparatively high cost, the demand 
for this battery extremely increases, and more 
particularly, this battery has become widely applied to the 
field where high reliability is required because this 

0 battery can remove the drawbacks of the lead-acid storage 
battery. Various improvements for providing with high 
capacitance have been made since it Is desired for this 
nickel-cadmium storage battery to have higher energy 
.density electric power supply of the portable apparatus in 

5 addition to the special merits described above. However, a 
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cadmium ftlecwfode as the negative electrode; has toe high 
utilisation factor of an active materiel, especially large 
electrode decrease at a high-rate discharge: in comparison 
with a nickel electrode as the positive electrode. 
5 Moreover, in th<i case of constructing the storage battery 
of capacitance regwlation at the positive electrode, it is 
necessary to ta.ke aJjowance except capacitance at the 
positive electrode so as to generate no hydrogen at the 
negative eltsctrode when overcharging. Therefore, the 

10 negative electrode the capacitance capable of charge 

and discharge larger than the positive electrode. 
Moreover/ it is necessary for the porosity of he negative 
electrode to be incr^aeed to an optirftum value in order that 
an overcharge^ oxygen gas generated from the positive 

15 electrode is efficiently absorbed by the negative 

electrode. However, it is not attainable for the negative 
electrode to have higher energy density until a rapid 
improvement is made. Therefore, there is a limit in the 
improvement of the energy density of the nickel- cadmium 

20 storage baTitery, 

J^ecently, a metallic oxide-hydrogen storage battery 
has attracted the attention of many people in which battery 
a hydrogen-ocelu*lon-alloy that can occlude and release 
electrochemical ly hydrogen is applied as the roaterial of 

25 the negative c^lectrode, in stead of the nickel -cadmium 
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scrage battery. In this storage battery, even if hydrogen 
is gen&x-atfed Croir, the negative electrode on overcharge^ 
hyflrogan Is diddipated through discharge or is occluded by 
the hydrog^n-oGclugion^alloy of the negative electrode ^ in 
5 so far as hydrogen is not released out of the battery* 

Moreover, this storage battery has a higher energy density 
per unit v<>lu.TPe than the nickel-cadmium storage battery. 
As a result/ in the case that the capacity of this storage 
battery ie equal to that of the nickel- cadmium storage 

10 battery, this atorage battery can be constructed such that 
the volume of the* negative electrode of this storage 
battery is smaller than that of the cadmium negative 
elecrode. Therefore, a larger active material as the 
positive electrode can be appropriated In the residual 

15 space of this storage battery/ so that a higher energy 
density is expected • Moreover, the material of the 
hydrogen-occlusion-alloy obviates the need for a metallic 
cadmium which is a main component of the cadmium electrode 
so that ther<% Is little pollution by heavy metal or -the 

20 like. 

With these points as background, the as a new 
secondary h**:tery is developed in various fields. However 
many problems need to be solved if this storage battery is 
commercialised ► One of the important problems is that 
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techniqusi? for constructing a sealed store^ghe battery by 
means of a siinple method and for lengthen ths life-time of 
the battery are compieted like the nickel-cadmium storage 
battery which is practically applied nowadays ♦ Namely, 
5 metallic ocide-hydrogen storage battery, whose maintenance 
is easy and which has high reliability, must be performed. 
Prom the above-mentioned stand pointy a* the condition 
which is requirerd to the hydrogen-occluslon-electrode using 
the hydrogen-occlusion-alloy* the 
10 hydrogen-occlusion-elsctrode roust have a stability in 
alkaline electrolyte and occlude and release 
a lectr ©chemically hydrogen. Moreover, more important 
conditions, are following conditional (D-^O). 

(1) The hydrog^n-occlusion-^electrode has a large 
15 capacity for occluding and releasing electrochemically 

hydrogen, and discharge capacitance does not decrease even 
if charge and discharge are repeated. 

(2) An ordinary sealed storage battery is designed 
such that for safety,, the pressure gas in the battery is 

20 kept at a given value or below with a saf ty valve being 

^ operated, when the pressure in the battery becomes 10 to 15 
kg/ cm s Thr afore, the material must be selected which does 
not generate hydrogen on charging within given temperatures 
range where the battery is used since in this storage 

25 battery system, it is necessary to be designed as well as 
the ordinary sealed storage battery as described above. 
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(3) The hydrog^n-occlusion-^lectrodQ must have a 



corrosion r?>3 instance to oxigen generated from the positive 
electrode on overcharging. Moreover, the alloy material 
must be used ^hfah has a function carrying out smoothly 
5 oxigen-elipination reaction that on the surface of the 

alloy, the reaction of oxigen with hydrogen occluded gives 
water* Moreoxrer, It is possible for the alloy materiaJ to 
construct th^ electrode. Although many alloy materials or 
many methods for constructing the electrode satisfying 

10 these conditions (1) to (3) have been contrtbed, these 
trials cannot reach the level of the properties of the 
sealed nickel-cadmium storage battery r 1/6/ the cyclitig 
life-time is 500 cycles or above, and the inner pressure of 
the battery is 5. to 10 Jtg/cm^ or below when the battery is 

15 charged to the level of approximately 1/3 CmA, 

Concernig (1), an alloy of AB5, which is basic form 
of CaCuj type alloy and in ^Ich iantharum series metals 
are mainly used as A and nickel is mainly used as B, has 
the largest possibility of a practical application 

20 noeadays. However, even if the alloy of ASj is used as a 
hydrogen-occlusion-elecrode, the electrode is oxidized by 
oxigen gas generated at the positive electrode on 
overcharge to decrease the capacity of occluding and 
releasing hydrogen. In order to solve the above-mentioned 

25 problem, the method that the surface of the alloy is 
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covered with s m^itc*.! hsiving the proper-y of corrosion 
resistance (Jap^.oe^e pd.tent provisional publication 
No. 51-64069 or No, 61-101957) and the method that entire 
electrode is covered with th6 same metals described above 
5 (Japanese patent provisional publication No* 50-77357) are 
proposed. These niefchods.. shows some effects?* However, 
large amount of covering metal are needed when occluding 
and releasing hydrogen constantly for a long time* 
Therefore, this fact causes the hydrogen-occlusion-ailoy to 

10 be small in quantity relatively. As a result, capacitance 
density per unit volume decreases, so that this is 
disadvantage in making the battery having high caoacitanoe. 

Concerning (2). it is necessary to guarantee the 
safty of the battery when seeing from a standpoint of user* 

15 Therefore, it is necessary to provide with a safty valve 
which releases the gas generated in the battery out of the 
battery when inner pressure rises above a given value, in 
order that thd battery does not be damaged and does not 
explode in case of the abnormal increment of the inner 

20 pressure. However, the actuation of the safty valve causes 
the electrolyte tc release out of the battery, so that the 
reduction cf the electrolyte allows the batery property to 
deteriorate. Therefore, it is an effectual method for the 
improvement of the battery property, especially cycling 

25 life-timo to flvoid the increment of the inner pressure* 
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a result, the materials whicrh does not generate hydrogen on 
charging hive been selected by using the nateriala having a 
low equilibrium pressure of hydrogen (Japanes patent 
provisional publication No. 59-131459 or No» 61-47075). 
5 Concerning (3)r various methods have been proposed 

that oxygeri gas generated when overcharging is reacted 
effectually so as to decrease the inner pressure of the 
battery. A3 described above, the increment of the inner 
pressure by the generation of oxygen gaa is on© of the 

10 reasons for actuating the safety valve. Therefore, it is 

necessary to change oxygen generated to water rapidly bo as 
' ' to prevent th* lncr«n*nt of the inner pressure of the 

battery. Moreover, there is another important problem that 
alloy is oxidized by oxygen gas generated. Hydrogen is 

15 occluded in the inner portion of thd alloy and an 

electrical potential itself does not carry out oxidation. 
However/ when repeating charge and discharge, oxidation 
progresses gradually from the surface of thd alloy, which 
surface is contact with oxygen, to the inner portion of the 

20 alloy. As a result r electron conduction property 
decreases. Moreover- the amount of hydrogen to be 
occlluded end to be released decreases,, and the decrease of 
a discharge voltage and the decrease of the property of the 
cycling life-rrime arise, it is necessary to make the 

25 electirode hat/lng an excellent corrosion resistance in order 



0 271 043 

- 8 - 

to avoid tbe obove-ir^ent w^ned problems ^ However, nowadays r 
che sealed rnet<illic oxide- hydrogen storage battery cannot 
be obtainBd which solves ^tbove-ineritioned problems (1) to 
(3) an<3 heis high capacitance and long life-time. Moreover, 
3 it is well krio'^^n that in tne sealed nickel-hydrogen storage 
battery, self -discharge is large- The improvement of the 
d^lf -dischargfi mu>?r b© doft^ in order that this battery is 
practically aooliisd. Therefore, rhe self ^discharge of this 
battery must be iiTiproved at least to the level of the 

10 sealed nickel -ca din i um storage battery which is generally 
said that the self -discharge is large, 

Nowadstya, when applied to an ordinary use* a. 
nonwoven fsbric made of a polyamide is utilized as a 
separator of th« sealed nickel -cadmiiiiri storage battery. 

15 Moreover/ a separator that surfactants are added to the 
nonwoven fabric of a polyclefin so as to improve the 
hydrophilic property is used for some batteries to be 
applied to high tampers ture survice. When the nonwoven 
fabric made of the polyairdds is applied as the separator to 

20 the sealed nickel -hydrogen storage battery/ self -discharge 
arises extretnely. This is because the surface of the 
negative electrode has a very large activity and strong 
reducing power in cpmparison with the cadmiuin electrode. 
Another reason is that polyamide is decomposed by charging 

25 and discharging, the resulting oxidants and reductants in 
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the ionic f^h.rt.t-..^ or ooJ.gr ion coexist in fcbe electrolyte, 
And thAn r the action that the materials reduced at the 
negative electrode are oxidized at the positive electrode 
is repeated, i.^. iiOj and NOj , so th&t the self -discharge 
5 increases. Vften th$ separator Is used in which separator 
surfactants Ar^i added to the nonwoven fabric of the 
polyolefi rir .r^haroe and discharge cause the property of the 
surfact^Knts to charge that the battery property is 
harmfully Affected with the hydrophilic property being 

10 decreased. Therefore, the separator is required vhich is 
chemically etable to charge or discharge^ and has a strong 
hydrophilic property to the electrolyte. 

SUMMARY O F TH B INVENTION 
The present Invencion has been developed in order to 

15 rejnove the abcve-described drawbacks and contemplates to 

provide a sealed storage battery having a high capacitance 
and a long Xlfe-tiine by improving a 

hydrocen-occlusion-aHoy as a negative electrode and an 
electrode using this alloy in order to construct a sealed 
20 metallic oxide-hydrogen storage battery. 

^ hydrogen-occlusion-alloy is utilized as a material 
of a negative electrode^ and more particularly , an alloy of 
ABj having a cristal STiructure of CaCg type is utilized. 
Moreover, B in the alloy of ^B^ is partially replaced by 
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rnetais i^xcept: nickn:! so to obtiain th& mater i-rd hs.ving 
equilibriuiii di9so^^Ation pressure vhsre hydrogen is occluded 
and released sufficiently in the teinpera.ture ra.nga of the 
battery operation- although A in the alloy of AB^, i.e. 
3 lanthanium s^eries metals, is gradually oxidized to change 
an oxide or hydroxide by- repeating charge and discharge in 
a sealed stor;?.<je h^tt^^ry system/ it is difficult to prevent 
basloaliy such a chenoi^.erton , Therefore/ it is very 
important to dupress oxidizing velocity, 

10 In the present invention, corrosion resistance can 

be risen by the method that the crystallinity of the alloy 
is improved. Genere-llV/ the pluralisation of the alloy of 
ABj type cau-s^&s the cristallinity to decrease* However r it 
is inevitable to plurali^e the alloy because the alloy must 

15 have dissocation presaiire of hydrogen described above- 
Therefore, in the present invention, the cristallinity of 
the alloy is improved by the method that the puralized 
alloy is rapidly cooledf treated with heat/ and so on* 
SF( slope factor) -value is adopted as the standard of the 

20 cristallinity. 

Moreover , the increment of a specific surface area , 
narri^ly, num»*rous irr^^gularities are provided on the surface 
of the alloy in order that the reducing reaction of oxygen 
is promptly carried out and corrosion resistance is 

25 increas&d only Jn the vicinity of the surface of the 
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hydrogen -occi us ion-alloy • 

SF-v-4lu3 will be described hereinbeiow: 
This value shows the plateau characteristic of the 
hydrogea-occiusion-alloy • V?hen hydrogen is occluded or 
released by gas reaction at a given temperature r the 
relation betw«tan the pressure of hydrogen and hydrogen 
concentration, in the alloy is shown as Fig. 1* Using the 
pressure of hydrogen <^h/k=o.75^ occluding hydrogen o 

75 % and the pressure of hydrogen y/rhon 
occluding hydrogen of 25 '% , this value is calculated by th 
following fcnriula* 

SF - in ^^K/M»0,75 ^ ^H/M=r0*25^ 
BRIEF DSSCRIPTT OK OF TKS DRAWINGS 
The object end features of the present invention 
15 will become isore readily apparent from the following 

detailed description of the preferred embodiments taken in 
coniunc-ion with the accompanying drawings in which; 

Fig, i is a graph showing a relation between 
hydrogen pressure and hydrogen concentration in alloy 
20 obtained when releasing hydrogen at a given temperat^lre 
after compressed gas is sufficiently occluded in a 
hydrogen-oclu3s!ion-alloy ; 

Fig. 2 is a sketch crosa-sectionai drawing of a 
hydrogen-occlusion-alloy powder obtained according to the 
25 present invention; 
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Fig c 3 is a cross-sectional view showing a str^icture 
in which a Qponge-lika nickel porous body is filled with 
the alloy powder according to the present invention; 

Fig, 4 is a sketch cross-sectional drawing of the 
5 hydrogen-occlusion-alloy powder without both acid and 
alkali treeit.£?iAr\ts; 

Fig- 5 is a schematic drawing showing the structure 
of the storage battery of this invention; 

Fig. 6 is graph showing a relation between 
10 SF-valne of alloys and charge-discharge cycle of batteries 
in which ther^ are two types of alloys ^ namely, one type is 
treated with both acid and alkali According to the present 
invention and another type is not treated conventionally; 
Fig. 7 is a graph showing a relation between the 
15 charge-discharge cycle and temperatures at urhich electrodes 
are treated vith alkali; 

Pig, 8 is a graph showing a relation between the 
charge-discharge cycle and immersion time at which 
electrodes are treated with alkali; 
20 Fig- 9 is a graph showing a relation between types 

of separators* and deg\^ees of self -discharge; and 

Fig. 10 is a graph showing a relation between 
contents of Manganese in alloys and degrees of 
self-disch^irg* during preservation* 
23 D57?IILBD Dg>5CRI ?TI0N OF TH3 INVENTIQK 
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Refferjna to 7igs. 2 to 6, one embodiment of the ' 
present invention will be described hereinbelow. • Kisch 
metftl <Kn,>, nioxel CKi), cobalt (Co), aluwinim , and 
manganese (Mn) ar« mixed in the ratio of the number of 
atoifis as follows: 

1 : 3.5 : 0.8 : 0.3 , 0-4 respectively. The misch metal is 
composed of roAtnly about 40 wt % of cerium, about 30 wt % 
of Lanthaniuai, and about 13 wt % of neodyraium. The mixture 
is melted by using a high-frequency furnace in the 
atomoflphers of inert gas. The mixture is transferred to a 
container having a cooling apparatus while stirring, and 
then, the mixture is rapidly cooled. The resulting alloy 
is roughly crushed with a mechaniacal means.' After this, 
the alloy is heated to 1050 °C in the atomosphere of argon 
15 gas and is held at 1050 °C for 3 hours, so that a 

hydrogen-occlusion-alloy is obtained whose SP-value is 2.5 
or below. Next,- the alloy is crushed again to fine powder 
Whose diameter is 37 ym or below. The powder is imersed 
in a dilute nitric acid (IN) for a few minutes, and then, 
is immersed In a KOH aqueous solution (7N) at 80 °C for 30m 
minutes. By washing with water and drying, the alloy 
powder. 4 having n^xmeroua irregularities in the vicivity of 
the surface Isy^T whose depth is of approximately 0.01 urn 
Is obtained. Fig. 2 shows a sJcetch croaa-edctionai drawing 
of the hydrogen-occlusion-alloy powder obtained by the 



20 



25 



r. 



0 271 043 



- 14 - 



above-mentioneo operation. In Fig» 2/ numeral 1 denotes a 
portion having a high cristallinity in the powder- On the 
other hana? numeral 2 denotes a portion having a poor 
cristallinity where the alooy does not be composed by the 
5 above-mentioned compounding ratio when analyzing in detail. 
Numeral 3 denotes the surface layer of the alloy powder, k 
portion of of the surface layer is enlargod and is 

shown in the circle. Jlot , concerning the present invention, 
the mixture is melted in the high-frequency furnace which 

10 mixture coKrposition is equal to that of th^ above-mentioned 
mixture of thi^ invention, and then, is cooled as it is, 
namely^ slow coolings. After this, the resulting alloy is 
mechanically crushed eo as to make pov/der having a diameter 
of 37 ym or below. Fig. 4 shows a sketch cross-sectional 

15 drawing of the resulting powder. The meaning of the 

numeral in Pig. 4 is the same in Fig. 2. In this case^ 
this alloy powder 4 is liable to separation due to the 
difference of the specific gravity of each element, and has 
many portion where cris-callinity is poor. Comparing Fig. 4 

to wlLh rig, 2, th« cilloy iu Fly. 2 diffo^^ lai-y^ly from thvt 
all in Fig, 4 in that the alloy in Fig. 2 has a higher 
cristallinity and mere numerous irregularities on the 
surface layer. The cristallinity of the alloy corresponds 
to the flattnesa of equilibrium pressure of hydrogen; 

25 namely SF^value, which can be obtained when releasing 

t 
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hydrogen *hovn in Fig. i. Therefore, tha cristallinity 
is generally expressed by SF-value. The smaller the 
SF-value, the higher tne cristallinity even if the material 
is the same. The SP- value of the alloy In Pic. 4 is 2.7 to 
3.4 whereas th-s SF-v&lus of the alloy in Pig. 2 is 1.5 to 
2.5. 

A sponge-like nickel porous body that porosity is 
approjfiaatftly 93 %, thickness is approximately 0.8 mm, and 
mean spherical space d.iaT.etar is 400 um is filled with a 
paste-like lEixttire of the powder 4 of 

hydrogen-occlusion-alloy of this embodiment and a 5 wt % 
aqueous solution of a polyvinyl alcohol, and is dried. The 
obtained body is pressed, and then is cut, so that th«; 
resultnc electrode is 0.5 mm thick, 39 mm wide, and 80 mm 
long, and ha« a capacitance capable o£ charge and discharge 
of ISOO mAh. Fig. 3 shows a rough cross-sectional view of 
this electrod.5 10. In Pig. 3, numeral 4 denotes alloy 
powder, msir.eral 5 denotes a framework of the sponge-like 
nickel porous body, and numeral 6 denotes a space portion. 

The battery syste.Tk in the present invention is shown 
in Pig. 5. The battery eonprises a casing, a negative 
electrode 10, a positive electrode 11, a separator 12, an 
electrolyte, a srarator means, a sealing plate, a positive 
lead, a safety vaive, a positive terminal, an insulator, 
25 and an insulating gasket. The negative electrode 10, the 



15 
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s^pa.rator 12.- -f^ncS the positive electrode 11 are important 
•in this invention. Four sheets comprising the separator 30 
sandvj cheo hetweed the positive electrode 11 and the 
necfative electrode 10/ and the separator means are wound in 
5 th? fortp of a roll, The electrolyte is mainly immersed 
into the separator 12. Even if the electrolyte is not 
described in the battery system, the electrolyte of a 
cnventional KOH ai^ueoiis solution is used in the battery 
5yetem her«»inaf ter . A cylindrical sealed storage battery 

10 of KA size is constructed by the resulting electrode 10 * a 
conventional nickel positive electrode 11 of foaiRing metal 
type/ an electrolyte, and a separator 12 of a nonwoven 
fabric of a polypropylene introducing sulfonic acid group 
and has the capacitance of approximately 1000 mAh. The 

15 cycle test of charge and discharge at 20^C has been carried 
out. Charge is carried out at 100 mA for 15 hours, 
discharge Is carried cut at 200 mA to 1.0 V/eell/ and 
lif e-titne detenained by the point where the capacitance 
decreases to 80% of the initial capacitance ♦ 

20 Kydrogen-occlusion-alioys of this eir.bodiment are ten 

times made on an exper imental basis, and alloys having 
following £F-value are selected, i.e. l.S, 2.0# 2.3 and 
2r48. On the ether hand/ alleys are also made, but these 
alloys are different from the above-rrtentioned alloys only 

25 in that th«^$ft alloys ere conventionally cooled as it is. 
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nanely, ^lov coollna. m the case of the later method, the 
alloys takfe S?-value 2,3 to 3.4, and alloys having 
following S?-vp,Tue are selected, i.e. 2.52, 3.0 and 3.3S. 
Fig. S shovrs the resuir of tha cycle test. In Fig. 6, the 
samples i^^) to are- obtained without acid and alkali 

treatment, ^.u^ each point ia Fig. 6 is t.he average of 
neasuremen'is of five storage batteries. SF-valua is 
plotted S.S abscissa egainst charge-discharge cycle as 
ordinate in this figure. The contents of the comparison 
samE>les, I.e. (B) to (D) and (B') to (D'), as well as (A) 
and lA') will be described hereinbelow. 
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As is «pp^.rs,^t from this result, vhen the alloy powder 4 is 
treated with both aclO and alkali, there is a tendancy for 
the cycling life-time property to be improved. Especially, 
when alloys, whose SF-value are 2.5 or below, are treated 
with both &ci5 and alkali, the cycling life-time property 
is extremely iiP.proved. However, in the case of alloys, 
i.e. (D) or (D'), containing no cobalt, the degree of the 
improve.-nent in the above-mentioned property is small. From 
these results, it seems that the acid and alkali treatments 
mainly elute cobalt so that irregularity on the surface of 
the alloy powder 4 is formed. Moreover, although the 
combination of both acid end alkali treatments shows an 
effect, the same result can be obtained even when acid 
treatment or alkali treatment is carried out independently 
for a given long time. 

Therefore, in the electrode 10 where the negative 
electrode material is the hydrogen-occlusion-alloy mainly 
composed of niisch metal and nickel and utilizing at least 
cobalt as an element to be displaced, the sealed storage 
battery having a long life-time can be obtained although 
oxidation is drastic in this battery, by the method that 
S?-valu« of the alloy material is 2.5 or below, cobalt is 
eluted, and lanthanium series metals^j^nd nickel are 
contained relatively at high ratio. 

In this embodiment, alloy materials have been 
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described who^s basic form is ^!mNi. of Cacr^u^ fcype* 
Hovttvar/ alloy toaterisvlQ indicated by ^telNl. « ^ , of 
familiar type •a.lso have the crystal structure of C&CUj 
type, 5tnd sho>^ a. siiail^r t^no>sncy corio*rning the life-time 
5 property. 

The poK'd€;r is treated in the process of both acid 
and alkali treatments of this embodiment* However, in the 
state of pole plate where the eponge-like nickel porous 
body is fiil<^d with tha paste-like mixture and then ig 

10 cried, even if both acid and alkali treatments are carried 
out ae well, the iwprovei«ent of the cycling life-time has 
been recognized, and the same result ha« been obtained. 
. The battery s^yatem is constructed by utilizing a silver 
oxide as the positive electrode 11 instead of the nickel 

15 oxide/ and then the cycling life-time is examined. The 

cycling life-time ia improved and the silver oxide as well 
as the nickel oxfde is effectual, owing to the fact that 
SF-value of the alloy material of the negative electrode 10 
ie 2.5 or fc^low/ and irregularity on the surface is formed 

20 by both acid and alkali treatments. Therefore, as the 

positive &l*ctrode 11, metal oxides can be us^d which is 
utilized as the active material for the pofisitive electrode 
11 of the *lkaline storage battery. 

Moreover, with the battery syetem being constructed 

25 by using the material of ih) and the three types of 



0 



0 271 043 



- 21 - 



10 



15 



20 



25 



separators 12, the amounr. of self-discharge is exjuniaed 
after the battery Is fully charged and then leaves as it is 
at 4S°C for a jRonth- First separator 12 is made of a 
nonwoven fabric of e polyai^ide, second separator 12 is made 
of a nonwover; fabric of a polypropylene where surfactants 
are added so as to improve hydrophilic property, and third 
separator 12 is made of a nonwoven fabric of a 
polypropylene introducing sulfonic acid group. In the 
third separator 12, 55 to 60% of discharge capacitance ia 
maintained in comparison with the discharge capacitance 
before the presr nation whereas discharge capacitance is not 
practically detected in the first separator 12 and the 
second separator 12. It is effectual to use the separator 
12 which is made of the nonwoven fabric of the 
polypropylene introducing sulfonic acid group in order to 
decrease the siilf-discharge . 

Another embodiment of the present invention will be 
described hereinbelow. An alloy is melted, by using a 
high-frequency furnace in the atmosphere of inert gas. The 
alloy has the corepoaition of Mm Ni, _ Co^ « Al« , Mn« . 
Which composition is the same as that of the 
hydrogen-occl 'is ion-alloy shown in the first embodiment. 
The alloy obV-ained by the method of the rapid cooling ia 
heated in the atmosphere of argon gas/ and then , without 
acid and aJk^ll treatments, is crushed to make fine powder 
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whose diaroeter is 3" um or below. 

The resultioc t>owder is mixed with a 5wt% aquaoas 
solution of 3 polyvinyl alcohol 90 as to make a paste-like 
mixture. Then, a sponge-like nickel porous body is filled 
5 with the p&sce-lik^. miictur'e, and is dried in the same 

manner the first embodiment. After this ^ the electrode 
is immersed in a KoH aqueous solution (specific gravity is 
1.30) for 12 hours. At this time, temperature is varied as 
follows: 30 r 45, 50/ SO, 80, and lOO^C. TheUr 
0 hydrogen-occlU5lcn-electrodes as negative electrodes 10 are 
obtianedr by washing! r drying, and pressing. The surface is 
magnified and observed by a microscope with' the alloy 
powder 4 or the resulting hydrogen-occluaion-alloy being 
separated. As a result, irregularity in the vicinity of 
5 the surface is recognized as shown in Fig, 2/ although 
there is a difference caused by the difference of the 
inunersln temperature • 

3y cutting the resulting electrodes, the 
hydrogen-occlusion-electrodes having a length o£ 80 imn and 
) a width of 39 nun are obtained. These electrodes 10 have a 
capacitance capable of charge and discharge of 1600 mAh or 
above* A cylindrical sealed battery of AA size is 
constructed by . the comlH-nation of this electrode 10 and a 
conventiona] nickel positive electrode 11 of foaming metal 
tye, And this battery has a capacitance of approximately 
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1000 mkh. The cycle test cf charge and discharge at 20°C 
has been carried out. The charge is carried out at 100 laA 
fo 15 hours, and the discharge is carried out at 200 mk to 
1.0 V/cell. The battery constructing conditions are shown 
below, and ths result of the cycle test of charge and 
discharge is shown in Fig. 7. 

liTt ery:;;r.' 7''!^ j^i sr^B^TrTg- 3 > < e- 4 > Te^sT^ Te-6 



Immeraion no 
Tesfip.(^C) tr 



eat- 30 45 50 60 80 100 

went 



As is apparent from Pig. 7, in the case of the battery 
(B-1) constructed by the bydrogen-occlusion-electroda 
without immersing in the alkaline solution, the decrease of 
the capacitanc© is recognized when the number of cycles 
reach approximately ' 30 , On the other hand, the cycling 
life^-time increases with the increment of the irmerslon 
temperature, when the electrode is incnersed. However/ whan 
immersed in the alkaline solution of 100°C, the battery 
shows unusual behavior- This is because the weight of the 
battery decreases. In order to guarantee the safety of the 
battery, the battery is provided with the safety valve 
which actuates wherr the pressure in the battery becomes 10 
kg/ en or above. Therefore , when inner pressure increases, 
the aafjsty valve actuates to discharege the electrolyte out 
of the battery, so that the weight of the battery 
decreases t Namely, this is because inner pressure of the 
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battery arose on charging, Therefor^^ it is considered 
that when the electrode is treated at high temperatures, 
i.e. lOO^C or above, the absorbing power of oxygen gas 
decreases and the amount of hydrogen to be occluded 
5 electrochemically decreases/ so that the pressure in the 
battery arises- 

On the other hand, the relationship between the 
cycling life-titne and the immeraion time in a KOH aqueous 
solution (specific gr^ivity is 1^3) is shown in Fig. 8. in 

10 this figure/ the cycling life-time is repreaented by the 

number of cycles of charge-^discharge where the capacitance 
decreases to 80% of the initial capacitance. PiS is 
apparent fr^om Fig. 8, the electrode can be itmneraed in the 
alkaline solution for 0.2 to 24 hours / when th6 battery is 

15 obtained which has the property of the cycling life-time 
more than 200 cycles. Moreover, the electrode 10 can be 
immersed in the alkaline solution for 1.0 to 12 hours / whe 
the battdry is obtained which has the property of the 
cycling lifa-time more than 400 cycles. 

20 hs described above, even if the sponge-like nickel 

porous body is filled with the paste-like mixture of the 
alloy powder 4 and the 5 wt% aqueous solution of polyvinyl 
alcohl, is dried, and than, is immersed in the alkaline 
solution, numerous irregularities in the vicinity of the 

25 surface of th<? alloy is formed so that this method also ha 
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an effect on the property of the long life-time cf the 
battery. It has a good effect on the electrode 10 that the 
alkaline solution is held at 50 to XOO*^C and is maintained 
for 0.2 to 24 hours. Maze preferably, it haa a better 
5 effect that the alkaline solution is held at 50 to 80*^C and 
is maintained for 1 to 12 hours, Although in this 
embodiment r the elk;* line solution with a specific gravity 
of 1.3 is appll^d^ experiments are additionally made in the 
same manner using the alkaline solutions with a specific 

10 gravity of 1,05 to 1.45- ' From the result of the 

experiments, since alkaline solution with a small specific 
gravity hae a few effects, it is necessary for the 
electrode to be immersed in the alkaline solution for a 
long time in thiB case. Therefore, the alkaline solution 

15 with a specific gravity of 1,1 or above has a sufficient 
effect on the electrode 10. 

The other embodiment of the present invention will 
be described hereinbelcw* This embodiment relates the 
battery system which is capable of the decrease of the 

20 self-discharge. The alloy to be utilised as the negative 
electrode 10 ts produced in the same manner as first 
embodiment. The composition of the alloy is represented as 
following forro;5la. 

23 In this case, the amount of Ni and Mn is varied, namely, 
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value of X is chanoed as follows: 0^ 0*2, 0.3, 0.4, 0.6, 
and 0*8. As a. result , six kinds of alloys whose 
compositions* are different are obtained. These six kinds 
of alloys ere milled with a ball mill so as to make powder 
5 having a diameter of 37 ym or below. After this, in the 
saine manner cis second embodiment ^ the sponge-lika nickel 
body is filled with the paste-like mixture of the alloy 
powder 4 and the 5 wt% aqueous solution of the polyvinyl 
alcohol/ is dried, and then/ the resulting material is 

10 immersd in the KOH aqueous solution with a specific gravity 
of 1.3 at 80 for 12 hours r is washed with water ^ is 
dri*d, and ^ then, i? pressed so that the negative electrode 
10 is obtained.* 

In this cassf three kinds of separators are 

15 utilized; that is, first sep£Lra^oir 12 is made of the 

nonwoven fabric of polyamide/ second separator 12 is made 
of the nonwoven fabric of the polypropylene where 
surfactants are added do as to improve hydrophilic 
property, and third separator 12 is the nonwoven fabric of 

20 the polypropylene introducing sulfanic acid group. 

Although various methods for introducing sulfonic 
acid group are contrived, the following method is adopted. 
The nonwoven fabric of the polypropylene is iiwneraad in 20% 
solution of fuming sulfuric acid for a given period of tine 

25 so as to introduce sulfonic acid group to the 
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polypropylerxh. Arter fchis, the fabric is iimneread in 
various ccrjcentratioris of sulfuric acid in order; that Is 
first step 90«i, •seco.i'S step 60%, and thirfi step 30%. 
Lastly, the resjcy^ii sulfuric acid is removed by washing 
5 with water, and then, the fabric is dried. The resulting 
fabric is used as the sulfonated separator. In this case 
the amount of sulfonic acid gruop to be introduced can be 
varied by the method of varying the time for immersing in 
the fvirning exilfuric acid. In this embodiment, the degree 

10 of sulfooation Is measured with the Immarslon time being 
varied from 10 to 90 minutes. From this result, N-value i 
destrifaiitftd from 20 to 250. N-value means the number of 
monomers in the polypropylene to which one sulfonic acid 
group is introduced. The sealed nickel-hydrogen storage 

IS batteries of hk size, i.e. CF-1) to {F-13), having a 
discharge capacitace .of approximately 1000 mAh are 
assembled by combi^iig these a*paraters 12, the six kinds o 
the bydrogen-occl us ion-electrodes described above, and the 
convenconal nickel positive electrode 11 of foaming, metal 

20 type as shown In Table 1. 
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Table 1 



10 



20 



Battery ' Composition oS^Alloy " Sapartor 



P-l ^^^3.55 ""0.4 ^l0.3 ^°0.75 20 



^.:>5 0.4 0.3 U.75 



F-4 Mm Ni3;55 ^'"0,4 ^^0.3 ^^0.75 



P-3 Ni3.55 «°0.4 '^lo.3.=°0.75 



F-6 »^ ^^3.55 ^0.4 ^^0.3 =°0.75 ^50 



15 P-8 m Kij^,. Mno^2 Al^^j 00^,75 92 



F.9 «^ ^^^^3.65 "^.3 ^^0.3 =°0.75 



P-10 Mm Nt3^35 Mnjj^g Alo^3 ^''0.75 ^2 



P-11 Mia Ni, .Mn. ^ ^^-^ •» Co. 92 
3.15 0.8 0.3 0.75 



P-12 Mm Ni-j Mn» . Al^ - Co^ Polyamide 

^•5= Q"* 0-75 (CanventicnAl ex.) 



F-13 Mm Ni, e- Mn„ . Al„ , 0©^ c Polypropylene 
3>5^ 0.4 0.3 0.75 (Convenclon&l ex.) 

N-value means the number of monomers in the polypropylen to 
25 which one sulfonic acid group is introduced. 
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The self -discharge is measured aa described below. 
The Charge is carried oat at charging rate of 0.1 QnA- to 
150% relative to a non..inal capacitance of XOOO mAh, and the 
discharge is .cotttinued at 0,2 CmA until the voltage becon.es 
1.0 V at 20^c. Both the charge and discharge are repeated 
twenty times on the same condition described above, and 
then, th« charge is carried out in the same manner as 
described above; Next, the batteries are maintained at 
45^0 for a given period of time after charging. Then, the 
discharge capacitance is measured in «uch a way that the 
discharge is carried out at the discharging rate of 0.2 CmA 
until the voltage becomes IV at 20°C. From these results, 
retention capacity is calculated by comparing the resulting 
discharge capacitance with the discharge capacitance beforl 
preservation. In Fig. 9, storage period is plotted as 
abscissa against the retention capacity as ordinate 
concerning (P-i) to (F-6 ) , (F>12), and (P-13). As is 
apparent from Pig. 9, when battery (F-12) applying the 
fabric o£ the polyamide to the separator 12 and battery 
(F-13) applying the fabric of the polypropylene where 
surfactants are added are preserved at 45°C for 30 days, 
the retention capacity becomes 0%, namely, the degree of 
the self-discharge is 100%. 
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Whan maintaining for 30 days. However, when x is 0.2 or 
above in the formula*, of alloy, the retention capacity is 
40% or above after maintaining for 30 days. However, when 
X is 0-8 or above In the formula of alloy ^ equlibrium 
5 dissocation pressure of the hydrogen-occlusion-alloy 

decreases and the discharge capacitance becomes small. As 
a result, it is difficult to designe of the battery having 
a high capacitance. 

Ir* this embodiment, the nonwoven fabric of the 

10 polypropylene having the porosity of 65% is used. However, 
when the battery is constructed by utilizing the nonwoven 
fabric of the sulfonated polypropylene having the porosity 
of 70% or above, the strength of the separator 12 decreases 
and short phenomenon arises. On the other hand, when the 

15 sulfonated polypropylene having the porosity of 40% or 

below as the separator 12 is used, the penetrating velocity 
of oxygen generated at the positive electrode 11 on 
overcharging through the separator 12 decreases, and the 
electrolyte into the separator 12 increases. Therefore, 

20 the absorptivity of oxygen gas on the surface of the 

negative electrode 10 decreases so that the increment of 
the pressure in the battery or the- leaicage of the 
electrolyte arises. As a result, the porosity of 40 to 70% 
is suitable for the sulfonated separator. 
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Moreover/ polypropylene resin is used as ons exan\pie 
of a polyoiefine resin in thi? eir.bodiKient • However,- ths 
same result c^.n be obtained even if polyethylene resin is 
used, Sulfonation is carried out by fuming sulfuric acid 
5 in this embodiment • However, the same result can be 

obtained by limiting the degree of sulfonation as described 
above, even if the other sulfonating agents such as heated 
ccncdntrat^d .sulfuric acid or sulfur trioxide are used, hs 
a result r this technique can be widely used by limiting the 

10 degree of sulfonation. 

The above--dQscribed ercibodinents are just examiples of 
the present invention , and therefore/ it will be apparent 
for those skilled In the art that many modifications and 
variations may be made without departing from the spirit of 

15 the present invention. 
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k sealed storage battery comprises a positive 
electrode ui, including a metallic oxide as an active 
material, a negative electrode flO) including 
hydrogen-occlusion-alloy powder (4) capable of charging and 
discharging electrochemically hydrogen as an active 
material, an alkaline electrolyte, and a separator (12) for 
absorbing and holding the alkaline electrolyte. The 
hydrogen-occlusion-alloy powder (4) has a crystal structure 
of CaCUj type, is provided with numerous irregularities on 
the surface thereof, and has SP^value of 2.5 or below, 
which SP^value represents a plateau characteristic of 
•quilibrium pressure of hydrogen releasing. The numerous 
irregularities on the surface of the alloy powder (4) 
causes oxyg.n being generated from the positive electrode 
<11) to be elininated promptly. 



< 
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TVHAT IS Cl/ArMH:D IS; 

!• A sealed storage battery comprisings 

(a) a positive electrode including a metallic cxide; 
5 (b) a. negative electrode including 

hydrogen-occlusion-Alloy powder having a cristsl structiire 
of CaCUj type^ being providad with numerous irregularities 
on a surface r and having sr- value of 2-5 or faslcw, said 
SF-falue representing a plateau characteristic of 
10 equilibrium pressure of hydrogen releasing; 

(c) an alkaline electrolyte; and 
Cd) a separtor for separating said positive 
electrode frooi said negative electrode, and for absorbing 
and holding said alkaline electrolyte. 

IS 

2. A sealed storage battery as claimed in claim 1, 
wherein a composition of said hydrogen-ocolusion-ailoy 
powder is represented by a formula^ M Six MM5-x)^. said M 
being a single element or combined elements selected from a 

20 group of Mmr Car Zr and Ti, said M' being a single element 
or combined ^lejrnents selected from a group of Co, Ai^ Un, 
Cm, Cr and Fe- and a value of x being 3 or above. 

3. A sealed storage battery as claimed in claim 1/ 
25 wherein sid positive electrode is nickel oxide. 
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4* A sealed etoracte battery as claimed in claim 1, 

wherein seiid ?e?parator is made of a polyoleflne resin 
introducing a sulfonic acid group or its a.l3c&li salts. 

5 

5, A sealed storage battery as claimed in claim 1, 

wherein irregularity on a surface of said 
hydrogen-occlusion^alloy powder is made by mechanical 
grinding or elating a part of alloy components into acid 
10 solution or alkaline solution. 

6# A sealed storage battery comprising; 

(a) a positive electrode including a sintered nickel 
electrode or a non-sintered nickel electrode made by a 

15 metallic porous body being filled with nickel compounds or 
a nickel oxide? 

(b) a negative electrode including a 
hydrogen-occlusion-electrode made by an alloy having a 
cristal structure of CaCu. type, being represented ,by a 

20 formula/ Mm^^^^ M^^ Ni^ Mj^/ having S?-value of 2.5 or 
below, and having numerous irregularities on a surface 
layer of a powder of said alloy, said S?-value representing 
a plateau characteriscic of equilibrianv pressure of 
hydrogen releasing; 

25 (c) an alkaline electrolyte; and 
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(d) e separator for separating said positive 
electrode frcir* s?ti<S negativ<$ electrode/ and for absorbing 
and holding said ?,Ikaline electroiyter in said formula Mm 
being misch metal ^ being a single element or combined 
5 elements selected from a croup of Car Ti, and 2r with which 
said misch metal is replaced, being a single eleraent or 
combined elexrients selected from a group of Co^ hi, Mn, Cu, 
Crr and Fe with which a part of nickel is replaced r x. y* 
and 2 being restricted by l>Klp r y>3.0, 2>0 and 
10 4.7<y+a<5.3f said SP-valUe representing a plateau 
characteristic of equilibrium pressure of hydrogen 
releasing being calculated by an equality i*e. SF-v&lue » 
. 1« ^Vm " / P^/^ « 0.25). 

15 7. A sealed storage battery as claimed in claime S, 

wherein hydrogen-occlusion-alloy powder is represented by 
^'^x ^^0-3 ^^0.75' which 0,8>x>0,2. 

8» A sealed storage battery as claimed in claim 6/ 

20 wherein said separator is a porous body of a polyolefine 
resin introducing a sulfonic acid group or its alkali 
salts. 



25 



9. A sealed storage battery as claimed in claim 6, 

wherein saitJ^'oeparator is made of a polyolefine resin 
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introducing ^ «>uifonic 4cl(3 group or its salts, and the 
number of noncmers of polyolefine to one sulfonic acid 
group or Its salts is limited from 20 to 250. 

5 10, h s<jaled sror&ge battery as claimed in claim 6, 
wherein said separator made of a polyolefine resin 
introducing sulfonic acid group or its salts has a porosity 
of 40 to 70%. 

10 11. K method for jnAkirig an electrode of a sealed storage 
battery compici&ing the steps of: 

font^ing a hydrogen-occlusion-electrode by a metallic 
porous body being filled with hydrogen-occlusion-alloy 
power; and 

15 forming fine irregularities on a surface layer of 

fiid hydrogen-ccclusion-alloy by immersing said 
hydrogen-occlusion-electroda in an acid solution or an 
akaline solution so as to elute a part of alloy components. 

20 12- A method for making an electrode of a sealed storage 
battery as claimed in claim 11, wherein said alkaline 
solution is a potassium hydroxide aqueous solution having a 
specific gravity of 1*1 or above, temperature of said 
solution is in the range from 45^C to lOO^C, and said 

25 itranersion feirne is in the range from 0.2 hours to 24 hours. 
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13. - A method for ifiaking an electrode of a sealed storage 
battery as claimed in claim 12, wherein said temperature of 
said alkaline solution is in the range from 50^C to 80°C, 
5 and said immersion time is in the range from 1*0 hour to 12 
hours • 
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